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(54) Independently controllable shutters and variable area apertures for off axis illumination 

(57) Apertures to vary the size and shape of the 
aperture area without the need to change the whole 
aperture plate in off axis lithography The off axis illumi- 
nation apertures allow the size and shape of apertures 
to be changed without having to change the aperture 
plates for each step in the lithographic process. The 
aperture plate (40) is fitted with simple shutter mecha- 
nisms (41-44) that allow ready adjustment of the aper- 
ture openings. 
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Description SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention generally relates to the man- 
ufacture of very large scale integrated (VLSI) circuit 
devices and, more particularly, to the f idelity enhance- 
merit of lithographic images through the use of off axis 10 
illumination with independently controllable shutters 
and variable area apertures. 

Background Description 

15 

Manufacturing of semiconductor devices is depend- 
ent upon the accurate replication of computer aided 
design (CAD) generated patterns onto the surface of a 
device substrate. The replication process is typically 
performed using optical lithography followed by a variety 20 
of subtractive (etch) and additive (deposition) proc- 
esses. Optical lithography patterning involves the illumi- 
nation of a metallic (e.g., chrome) coated quartz plate 
known as a photomask which contains a magnified 
image of the computer generated pattern etched into 2s 
the metallic layer. This illuminated image is reduced in 
size and patterned into a photosensitive film on the 
device substrate. As a result of the interference and 
processing effects which occur during pattern transfer, 
images formed on the device substrate deviate from 30 
their ideal dimensions and shape as represented by the 
computer images. These deviations depend on the 
characteristics of the patterns as well as a variety of 
process conditions. Because these deviations can sig- 
nificantly effect the performance of the semiconductor 35 
device, many approaches have been pursued which 
focus on CAD compensation schemes which ensure a 
resultant ideal image. 

The performance enhancement of advanced VLSI 
circuitry (that is, the speed enhancement versus dimen- 40 
sion reduction of the circuits) is increasingly limited by 
the lack of pattern fidelity in a series of lithography and 
RIE (reactive ion etch) processes at small dimensions 
(e.g., sub 0.5pm). In the photolithography process, a 
pattern is transferred from a photomask to a photosen- 45 
sitive film (resist) on the wafer. In the RIE process, this 
pattern in the resist is transferred into a variety of films 
on the wafer substrate. Sometimes lithography applica- 
tions suffer from low depth of focus and/or low resolu- 
tion due to aperture effects. In general, the applied so 
aperture should fit the exposed pattern; i.e., pattern size 
and pattern direction. But in reality, one aperture does 
not fit all cases. One solution to the problem is to 
change off axis illumination apertures to fit a specific 
lithographic step. To meet the requirements for each 55 
pattern, many aperture combinations are necessary. 
However, with fixed design apertures (no movable 
parts), the number of combinations is limited. 



It is therefore an object of the present invention to 
provide new types of apertures to vary the size and 
shape of the aperture area without the need to change 
the whole aperture plate. 

According to the invention, instead of providing 
many different aperture plates with different sized and 
shaped apertures, each designed for a specific litho- 
graphic step, a new design of off axis illumination aper- 
tures are provided in which the size and shape of 
apertures to be changed without having to change the 
aperture plates for each step in the lithographic proc- 
ess. More particularly, the aperture plate is fitted with 
simple shutter mechanisms that allow the ready adjust- 
ment of the aperture openings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and 
advantages will be better understood from the following 
detailed description of a preferred embodiment of the 
invention with reference to the drawings, in which: 

Figure 1 is a schematic diagram showing the 
arrangement of an off axis illumination photolithog- 
raphy system as used in the practice of the inven- 
tion according to a first embodiment; 
Figures 2A and 2B are plan views of standard aper- 
tures used in conventional off axis illumination pho- 
tolithography systems; 

Figure 3 is a plan view of an aperture plate fitted 
with a butterfly-shaped shutter which may be 
rotated to occlude diametrically opposite apertures 
in the aperture plate; 

Figure 4 is a plan view of an aperture plate like that 
of Figure 2A fitted with three Waded shutters for 
each of the apertures in the aperture plate; 
Figure 5 is a plan view of an aperture plate like that 
of Figure 2A fitted with slotted shutter disks for each 
of the apertures in the aperture plate; 
Figure 6 is a plan view of an aperture plate like that 
of Figure 2A fitted with shutter disks for each of the 
apertures in the aperture plate; 
Figure 6A is a plan view of one of the shutter disks 
in Figure 6 showing four different sized and shaped 
rectangular openings; 

Figure 7 is a plan view of an aperture plate like that 

of Figure 2A fitted with shutter disks for each of the 

apertures in the aperture plate; 

Figure 7A is a plan view of one of the shutter disks 

in Figure 7 showing three different sized and 

shaped circular openings; and 

Figure 8 is a plan view of an aperture plate like that 

of Figure 2A fitted with iris apertures. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

Referring now to the drawings, and more particu- 
larly to Figure 1 , there is shown a schematic diagram of s 
an off axis illumination photolithography system. A light 
source 10 illuminates an aperture plate 12. Light pass- 
ing through the aperture plate 1 2 is focused by lens sys- 
tem 14 onto a mask 16 having small dimensions relative 
to the wavelength of the illuminating light such as to pro- io 
duce a diffraction pattern. The mask 1 6 is typically an 
etched chrome pattern on quartz. The 0 th and 1 st order 
diffraction components of the light passed by the mask 
16 is, in turn, focused by lens system 18 onto a target 
20. such as a substrate coated with a photosensitive is 
film. 

The aperture plate 12 in a conventional off axis illu- 
mination photolithographic system typically takes the 
form of the aperture plates shown in Figures 2A and 2B. 
The aperture plate in Figure 2A is characterized by four 20 
off-center circular apertures located 90° apart about the 
center of the aperture plate forming what is known as a 
quadrapole aperture. The aperture plate in Figure 2B is 
characterized by four pie-shaped holes with the center 
section occluded. Using either of these aperture plates 25 
in an off-axis illumination photolithographic system such 
as shown in Figure 1 limits the control of the illumina- 
tion. That is, the exposure process is direction depend- 
ent, and it is possible to optimize the exposure dose 
(i.e., exposure time) for only one direction. Further, 30 
lithography applications suffer from low depth of focus 
and/or low resolution due to aperture effects. Since one 
aperture does not fit in all cases, off axis illumination 
apertures of varying sizes and designs have been used. 
However, this approach requires many different aper- 35 
tures, each of which have to be changed to fit a specific 
lithography step. Even so, the number of combinations 
is limited and, therefore, the appropriate size and 
design can only be approximated. 

According to the invention, many different combina- 40 
tions of aperture openings are possible using new types 
of apertures to vary the size and position of the aperture 
area. In one embodiment of the invention shown in Fig- 
ure 3, the aperture plate 30 is not a quadrapole, but an 
octapde; that is, it has eight apertures equally spaced 45 
radially about the center of the aperture plate. A butter- 
fly-shaped shutter 31 is pivotal ly mounted so as to 
occlude two diametrically opposite apertures in the 
aperture plate 30. This allows selection of apertures for 
a particular lithographic step. Clearly, the number and so 
relative sizes of the apertures of the aperture plate 30 
can be varied, as can the size and shape of the shutter 
31 , within the scope of the invention. 

Figure 4 shows an aperture plate 40 like the prior 
art aperture plate shown in Figure 2A modified to ss 
include three Waded shutters 41 to 44 for each of the 
apertures. These three Waded shutters may be individ- 
ually rotated to occlude more or less of the correspond- 
ing openings in the aperture plate, one combination 



being shown in Figure 4. Another variation is shown in 
Figure 5 where the shutters take the form of disks 51 to 
54 with radial slots. Obviously, there are many variations 
of slots that may be employed, Figures 4 and 5 showing 
but two examples. 

Figure 6 shows shutter disks 61 to 64 having a 
selection of four openings. One of the shutter disks is 
shown in more detail in Figure 6A. In this example, the 
four openings are four different sized rectangles dis- 
placed 90° about the center of the disk. Note in Figure 6 
that the largest rectangle has corners located on the cir- 
cumference of the opening in the aperture plate 60. Fig- 
ure 6 shows each of the four positions of the shutter; 
that is, a different sized rectangle for each of the four 
apertures. In practice, all four quadrapole apertures are 
typically covered with the same type of opening. For 
example, all four openings of the aperture plate would 
be covered with the same sized opening in the corre- 
sponding shutter plate. In some applications, perpen- 
dicular quadrapoles may have different sized openings. 

Figure 7 shows a variation of the shutter disks 71 to 
74 having a selection of three circular openings. One of 
the shutter disks is shown in more detail in Figure 7A, 
and in this embodiment, the largest opening in the shut- 
ter disk is the same size and. when rotated into position, 
location as one of the apertures on the aperture plate 
70. Clearly, there are many variations in geometry and 
number of openings in the shutter disk, Figures 6A and 
7A being but two examples. 

Figure 8 shows an aperture plate fitted with iris 
apertures for each of the four apertures. As shown in 
Figure 8, the apertures on perpendicular axes may be 
individually adjusted to different sizes to accommodate 
a specific lithographic step. The use of iris apertures 
provides an almost infinite variation in aperture sizes. 

While the invention has been described in terms of 
several preferred embodiments, those skilled in the art 
will recognize that the invention can be practiced with 
modification within the spirit and scope of the appended 
claims. 

Claims 

1 . An off axis illumination system for photolithographic 
exposure of a photosensitive film on a device sub- 
strate in the manufacture of semiconductor devices 
comprising: 

a source of light for exposing the photosensi- 
tive film; 

a photomask which contains a magnified 
image of pattern etched into a metallic layer, 
said photomask being interposed between the 
source of light and the photosensitive film to be 
exposed; 

a lens system between the photomask and the 
resist for reducing the size of an illuminated 
image for patterning into the photosensitive film 
on the device substrate; and' 
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an aperture plate positioned between the 
source of light and the photomask, said aper- 
ture plate having independently controllable 
shutters to provide variable area apertures, 
each exposure being separately optimized by 5 
adjusting the apertures for a specific litho- 
graphic step. 

2. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive film on a 10 
device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 1 wherein said aper- 
ture plate has a plurality of apertures equally 
spaced radially about a center of the aperture plate 
and the independently controllable shutters com- 15 
prise a butterfly-shaped shutter pivotally mounted 

at the center of the aperture plate and movable to 
occlude or partially occlude diametrically opposite 
apertures. 

20 

3. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive film on a 
device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 1 wherein said aper- 
ture plate has a plurality of apertures equally 25 
spaced radially about a center of the aperture plate 
and the independently controllable shutters com- 
prise a plurality of shutters, one for each of said 
apertures, pivotally mounted adjacent respective 
apertures and independently movable to occlude or 30 
partially occlude respective ones of said apertures. 

4. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive fflm on a 
device substrate in the manufacture of semiconduc- 3s 
tor devices as recited in claim 3 wherein said shut- 
ters have a plurality of blades which may be rotated 

to occlude or partially occlude a respective aper- 
ture. 

40 

5. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive film on a 
device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 3 wherein said shut- 
ters are disks having at least one radially extending 45 
slot which may be rotated into registry with a corre- 
sponding aperture in said aperture plate. 

6. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive fflm on a so 
device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 3 wherein said shut- 
ters are disks having at least one aperture radially 
displaced from a center of the disk and which may 

be rotated into registry with a corresponding aper- 55 
ture in said aperture plate. 

7. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive fflm on a 



device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 6 wherein the disks 
each have a plurality of apertures of different sizes 
each radially displaced from the center of the disk, 
each said aperture partially occluding in different 
amounts a corresponding aperture on said aper- 
ture plate when rotated into registry with the corre- 
sponding aperture. 

8. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive film on a 
device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 7 wherein the aper- 
tures on the disks are circular holes. 

9. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive film on a 
device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 7 wherein the aper- 
tures on the disks are rectangular holes. 

10. The off axis illumination system for photolitho- 
graphic exposure of a photosensitive film on a 
device substrate in the manufacture of semiconduc- 
tor devices as recited in claim 3 wherein said shut- 
ters are iris apertures. 
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(54) Independently controllable shutters and variable area apertures for off axis Illumination 

(57) Apertures to vary the size and shape of the 
aperture area without the need to change the whole 
aperture plate in off axis lithography. The off axis illumi- 
nation apertures allow the size and shape of apertures 
to be changed without having to change the aperture 
plates for each step in the lithographic process. The 
aperture plate (40) is fitted with simple shutter mecha- 
nisms (41-44) that allow ready adjustment of the aper- 
ture openings. 
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